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(57) ABSTRACT

An example embodiment includes a fiber optic integrated
circuit (IC). The fiber optic IC includes an integrated power
supply. The integrated power supply includes a filter, an
active switch, and a pulse width modulator (“PWM?”). The
filter is configured to convert a signal to an output signal of the
integrated power supply. The active switch is configured to
control introduction of the signal to the filter. The PWM is
configured to generate a PWM output signal that triggers the
active switch.
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1
INTEGRATED POWER SUPPLY FOR FIBER
OPTIC COMMUNICATION DEVICES AND
SUBSYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of and priority to U.S.
Provisional Application No. 61/595,602 filed on Feb. 6,2012
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Some embodiments relate generally to electronic circuitry
in communication devices. More particularly, example
embodiments relate to circuits that may include integrated
power supplies.

2. Related Technology

Communication modules, such as electronic or optoelec-
tronic transceivers or transponder modules, are used in elec-
tronic and optoelectronic communication. Communication
modules may include multiple components that operate at
various voltages. However, communication modules may
receive a source signal having a single voltage supplied by a
host, for example. To supply the various voltages, the com-
munication modules may include power converters that out-
put the various voltages for the multiple components. The
power converters may be discrete components. The power
converters may take up volume within the communication
modules. Additionally, the power converters may generate
and/or propagate unwanted electromagnetic radiation.

The subject matter claimed herein is not limited to embodi-
ments that solve any disadvantages or that operate only in
environments such as those described above. Rather, this
background is only provided to illustrate one exemplary tech-
nology area where some embodiments described herein may
be practiced.

SUMMARY OF SOME EXAMPLE
EMBODIMENTS

This Summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key features or essential characteristics of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter

An example embodiment includes a fiber optic integrated
circuit (IC). The fiber optic IC includes an integrated power
supply. The integrated power supply includes a filter, an
active switch, and a pulse width modulator (“PWM”). The
filter is configured to convert a signal to an output signal of the
integrated power supply. The active switch is configured to
control introduction of the signal to the filter. The PWM is
configured to generate a PWM output signal that triggers the
active switch.

Another example embodiment includes a circuit. The cir-
cuit includes a substrate and an IC. The IC is mounted to the
substrate. The IC includes an integrated power supply. The
integrated power supply has a PWM, which is configured to
generate a PWM output signal. The PWM output signal trig-
gers an active switch to control introduction of a source signal
through a filter. The filter modifies the source signal to gen-
erate an output signal of the integrated power supply.

Another example embodiment includes an optical subas-
sembly. The optical subassembly includes a printed circuit
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2

board (“PCB”) and a circuit. The circuit includes an IC
mounted to a substrate. The IC includes an integrated power
supply, which is configured to receive a source signal at an
active switch from a host power supply and to output an
output signal of the integrated power supply. The active
switch is controlled by a PWM output signal generated by the
PWM. The PWM is integrated into the IC. The PWM output
signal has a frequency above 500 megahertz.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by the prac-
tice of the invention. The features and advantages of the
invention may be realized and obtained by means of the
instruments and combinations particularly pointed out in the
appended claims. These and other features of the present
invention will become more fully apparent from the following
description and appended claims, or may be learned by the
practice of the invention as set forth hereinafter.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

To further clarify the above and other advantages and fea-
tures of the present invention, a more particular description
will be rendered by reference to specific embodiments, which
are illustrated in the appended drawings. It is appreciated that
these drawings depict only some embodiments and are there-
fore not to be considered limiting of its scope. The invention
will be described and explained with additional specificity
and detail through the use of the accompanying drawings in
which:

FIG. 1A is a perspective view of an example transceiver
module (“transceiver”) in which some embodiments
described herein may be implemented;

FIG. 1B is a partially exploded perspective view of the
transceiver of FIG. 1A; and

FIG. 2 illustrates a block diagram of an example circuit that
may be implemented in the transceiver of FIGS. 1A and 1B;
and

FIG. 3 illustrates an example PWM that may be imple-
mented in the integrated power supply of FIG. 2;

FIG. 4 illustrates an example signal set corresponding to
the PWM of FIG. 3;

FIGS. 5A-5E illustrate electrical diagrams of example inte-
grated power supplies that may be implemented in the circuit
of FI1G. 2;

FIGS. 6A-6D illustrate block diagrams of example circuits
that include some specific embodiments of the circuit of FIG.
2;

FIG. 7 illustrates a circuit diagram of an example circuit
that may include a specific embodiment of the circuit of FIG.
2; and

FIG. 8 illustrates a block diagram of an example multi-chip
module (“MCM”) circuit that may include the circuit of FIG.
2.

DETAILED DESCRIPTION OF SOME EXAMPLE
EMBODIMENTS

Embodiments relate generally to electronic circuitry in
communication devices. More particularly, example embodi-
ments relate to circuits that may include integrated power
supplies. In an example embodiment, a circuit includes an
integrated circuit (“IC”) that further includes an integrated
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power supply. The integrated power supply includes a pulse
width modulator (“PWM”) configured to generate a PWM
output signal. The PWM output signal is configured to trigger
anactive switch. The active switch is configured to control the
introduction of a source signal to the circuit. Some additional
embodiments will be described with reference to the
appended drawings.

Some embodiments described herein may be implemented
in communication devices such as optoelectronic devices. As
used herein, the term “optoelectronic device” includes a
device having both optical and electrical components. Some
examples of optoelectronic devices include, but are not lim-
ited to, transponders, transceivers, transmitters, and receiv-
ers. While some embodiments will be discussed in the context
of a transceiver or an optoelectronic device, it should be
appreciated with the benefit of this disclosure, that the prin-
ciples presented herein may be implemented in other elec-
tronic devices having the functionality described below.

FIG. 1A illustrates a perspective view of an example trans-
ceiver module (“transceiver”) 100 in which a circuit including
an integrated power supply as described herein may be imple-
mented. Although not required in all embodiments, the trans-
ceiver 100 may be an SFP+ optical transceiver, meaning that
the transceiver 100 may conform or substantially conform to
the enhanced small form-factor pluggable (SFP+) multi-
source agreement (MSA).

While described in some detail herein, the transceiver 100
is discussed by way of illustration only, and not by way of
restricting the scope. For example, although the transceiver
100 may be an SFP+ optical transceiver in some embodi-
ments, the principles of the invention can be implemented in
optoelectronic devices of any form factor such as XFP, SFP,
SFP+, SFF, XENPAK, and XPAK, without restriction. Alter-
natively or additionally, the transceiver 100 can be suitable for
optical signal transmission and reception at a variety of per-
second data rates, including but not limited to 1 gigabit per
second (“Gbit”), 2 Gbit, 4 Gbit, 8 Gbit, 10 Gbit, 20 Gbit, or
higher. Furthermore, optoelectronic devices of other types
and configurations, or having components that differ in some
respects from those shown and described herein, can also
benefit from the principles disclosed herein.

As shown in FIG. 1A, the transceiver 100 includes a body
composed of a top shell 102 and bottom shell 104. The bottom
shell 104 defines a front end 106 and a back end 108 of the
transceiver 100. Included on the front end 106 of the trans-
ceiver 100 are two optical ports 110 and 112 configured to
receive connectors of an optical fiber (not shown). The two
optical ports 110 and 112 include an output port 110 and an
input port 112. The optical ports 110 and 112 define a portion
of an interface portion 114 that is generally included on the
front end 106 of the transceiver 100. The interface portion 114
can include structures to operably connect the transceiver 100
to optical fibers or optical fiber connectors such as LC con-
nectors.

In addition, a bail latch assembly 116 may be positioned on
the transceiver 100 frontend 106. The bail latch assembly 116
enables the transceiver 100 to be removably secured in a host
device (not shown). The body of the transceiver 100, includ-
ing top shell 102 and bottom shell 104, can be formed of
metal. Additionally, a host device may include a cage in
which the transceiver 100 is inserted.

FIG. 1B illustrates a partially exploded perspective view of
the transceiver 100 of FIG. 1A. In FIG. 1B, the bottom shell
104 defines a cavity 118 in which a TOSA 120, a ROSA 122,
a printed circuit board (“PCB”’) 124, and PCB connectors 130
are included as internal components of the transceiver 100.
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Each of the TOSA 120 and the ROSA 122 includes a port
126 and 128, respectively, that extends into a respective one of
the optical ports 110 and 112 so as to be positioned to mate
with an optical fiber (not shown) or a connector portion (not
shown) of the optical fiber when received within optical ports
110 and 112. The TOSA 120 and the ROSA 122 can be
electrically coupled to the PCB 124 via the PCB electric
connectors 130. The PCB electric connectors 130 may
include flexible circuit connectors or equivalent electrical
contact(s) that allow the transmission of electrical signals
between the PCB 124 and the TOSA 120 or between the PCB
124 and the ROSA 122.

During operation, the transceiver 100 can receive a data-
carrying electrical signal from a host device for transmission
as a data-carrying optical signal on an optical fiber. The host
device may be any computing system capable of communi-
cating with the transceiver 100. The electrical signal received
from the host device can be provided to an optical transmitter,
such as a laser (not shown) positioned within the TOSA 120,
which converts the electrical signal into a data-carrying opti-
cal signal for transmission on an optical fiber and transmis-
sion via an optical communication network, for instance. The
optical transmitter can include an edge-emitting laser diode, a
Fabry-Perot (“FP”) laser, a vertical-cavity surface-emitting
laser (“VCSEL”), a distributed feedback (“DFB”) laser, an
electroabsorption modulated laser (“EML”), a Mach Zehnder
modulator, or another suitable light source. Accordingly, the
TOSA 120 can serve or include components that serve as an
electro-optic transducer.

In addition, the transceiver 100 can receive a data-carrying
optical signal from an optical fiber via the ROSA 122. The
ROSA 122 can include an optical receiver, such as a photo-
diode or other suitable receiver, which transforms a received
optical signal into a data-carrying electrical signal. Accord-
ingly, the ROSA 122 can include components that serve as an
opto-electric transducer. The resulting electrical signal can
then be provided to the host device in which the transceiver
100 is located.

FIG. 2 illustrates a block diagram of an example circuit 200
that may be implemented in the transceiver 100 of FIGS. 1A
and 1B. For example, the circuit 200 may be mounted on a
PCB 228, which may correspond in some embodiments to the
PCB 124 of FIGS. 1A-1B, to perform one or more of the
functions described herein. Generally, the circuit 200 may
perform some function with respect to appliances 224 and/or
other PCB components 230. Additionally or alternatively, the
circuit 200 may communicate with the other PCB compo-
nents 230 and/or the appliances 224 to perform some func-
tion. The appliances 224 may include, but are not limited to,
active bias tees, lasers, receivers, transmitters, amplifiers,
thermal electric coolers (“TEC”), attenuators, transponders,
microcontrollers, host devices, or some combination thereof.
The other PCB components 230 may include, but are not
limited to, electrical circuits, microcontrollers, amplifiers,
attenuators, clock circuits, or some combination thereof. For
example, the circuit 200 may include a laser driver and the
appliance 224 may include a laser. In this and other embodi-
ments, the circuit 200 may perform the function of driving the
laser.

Structurally, the circuit 200 may include an integrated cir-
cuit (“IC”) 204 that may be mounted to a substrate 206. The
1C 204 may be a monolithic chip. The monolithic chip may be
composed of semiconductor materials with patterns of trace
elements diffused into the semiconductor materials. The IC
204 may be constructed using various semiconductor tech-
nologies such as complementary metal-oxide-semiconductor
(“CMOS”), Bipolar CMOS (“BiCMOS”), extended drain
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CMOS (“EDMOS”), orthogonal gate EDMOS (“OG
EDMOS”), Silicon-Germanium (“SiGe”) heterojunction
bipolar transistor (“HBT”), or some combination thereof.

The IC 204 may be a mixed-signal IC. That is, the IC 204
may include analog circuits and digital circuits. In these and
other embodiments, the above semiconductor technologies
(e.g., CMOS, BiCMOS, EDMOS, OG EDMOS, and SiGe
HBT) may be incorporated in separate portions of the IC 204.

For example, in some embodiments, SiGe HBT may not be
utilized in an integrated power supply 202 included in the IC.
However, SiGe HBT may be a bipolar leg of the BICMOS
integration technology in the IC 204. With this and other
example configurations, the IC 204 may additionally or alter-
natively include active bias tees, step-down converters, step
up converters, for example with the integrated power supply
202. Specifically, in some embodiments, the integrated power
supply 202 and other integrated components 208 and/or IC
passives 214 are integrated into the IC 204 having a BiICMOS
environment.

The IC 204 may be a fiber optic IC. That is, the IC 204 may
be used in fiber optic communication devices and subsystems
such as the transceiver 100 of FIGS. 1A and 1B. For example,
the IC 204 may include the integrated power supply 204 along
with one or more other integrated components 208 associated
with optical communication modules, electrical communica-
tion modules, host devices, etc.

The substrate 206 may be composed of a low temperature
co-fired ceramic (“LTCC”) or a liquid crystal polymer flex,
for example. The mounting between the IC 204 and the sub-
strate 206 may include a direct physical attachment, such as
epoxy or a thick film technology, for instance. Alternatively,
the IC 204 and the substrate 206 may utilize bumped die
assemblies or copper pillar assemblies. By utilizing the
bumped die assemblies or the copper pillar assemblies, some
parasitics due to contact between the IC 204 and the substrate
206 may be reduced compared to mounting configurations in
which the bumped die assemblies and/or the copper pillar
assemblies are not used.

Alternatively, in some embodiments, the IC 204 may not be
mounted to the substrate 206. In these embodiments, the
circuit 200 may only include the IC 204 without the substrate
206.

Functionally, the IC 204 may include the integrated power
supply 202 that supplies an output signal. The integrated
power supply 202 may include a pulse width modulator
(“PWM”) 216 and a filter 212. The PWM 216 is configured to
generate a PWM output signal. Specifically, through synchro-
nized switching of a network of transistors, the PWM 216
may generate the PWM output signal. In some embodiments,
the PWM output signal may be a rectangular pulse wave
including a frequency and a current.

The network of transistors may be constructed using vari-
ous types of semiconductor technologies. For example, the
network of transistors may be constructed using CMOS, BiC-
MOS, EDMOS, OG EDMOS, or some combination thereof.
Additionally, the network of transistors may be constructed of
a specific subset of the semiconductor technologies. The spe-
cific subset of the semiconductor technologies may be deter-
mined to optimize a quality of the network of transistors. For
example, the quality might include efficient switching, mini-
mal capacitance, minimal resistance, or some combination
thereof. For example, the network of transistors may include
one or more switching MOSFETs constructed using OG
EDMOS technology to minimize capacitance and to mini-
mize resistance when the switching MOSFETs are operating.

The PWM output signal generated by the PWM 216 may
be used in at least two ways. First, the PWM output signal
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6

generated by the PWM 216 may pass through the filter 212.
By passing the PWM output signal through the filter 212, the
PWM output signal may be converted to the output signal of
the integrated power supply 202.

Additionally or alternatively, the PWM 216 may bea PWM
controller that triggers an active switch 236. That is, the PWM
216 may generate the PWM output signal that may trigger the
active switch 236. The active switch 236 may control the
introduction of a source signal (not shown) to the circuit 200
through the filter 212 and/or may control the introduction of
the source signal through components and/or portions of the
filter 212.

For example, the PWM 216 may be electrically coupled to
a base of a transistor, the source signal may be a constant 3.3
volt (“V”) signal electrically coupled to a collector of the
transistor, and an emitter of the transistor may be electrically
coupled to the filter 212. The PWM output signal may supply
the base of the transistor with a current to trigger the transis-
tor, turning the transistor on. When the transistor is on, the
constant 3.3 V signal may enter the filter 212. As used herein,
“on” or “closed” indicates that a switch (or transistor) is
allowing an electrical current to flow, while “off” or “open”
indicates the switch (or transistor) is preventing an electrical
current from flowing.

Inanother example, the output PWM signal may trigger the
active switch 236 that may control the introduction of the
source signal to an inductor. Energy of the source signal may
be stored in the inductor while the active switch 236 is in a
first state. The energy stored in the inductor may then be
release in a controlled manner upon a change-in-state of the
active switch 236. The energy stored in the inductor may then
pass to another component of the filter 212, which may
modify the source signal. Some example modifications to the
source signal may include amplifying a voltage of the source
signal, inverting the polarity of the source signal, or lowering
the voltage of the source signal.

Examples of the active switch 236 may include, but are not
limited to, a transistor switch such as a MOSFET. In embodi-
ments in which the active switch 236 isa MOSFET, triggering
the MOSFET with the PWM output signal may reduce power
consumption of the integrated power supply 202 compared to
embodiments utilizing other active switches 236. Addition-
ally, by triggering the MOSFET with the PWM output signal,
the output signal of the integrated power supply 202 may be
provided to the circuit 200 and/or through components and/or
portions of the filter 212 in a controlled manner. The source
signal may be a signal received from a host power supply 226
such as a constant voltage, for instance.

The function of the filter 212 may be essentially identical
regardless of the operation of the PWM 216. That is, the filter
212 modifies an input signal to supply a specific output signal.
In embodiments in which the PWM 216 is the PWM control-
ler, the input signal to the filter 212 may include the source
signal. In contrast, in embodiments in which the PWM output
signal is converted to the output signal, the input signal to the
filter 212 may include the PWM output signal from the PWM
216.

Specifically, the filter 212 may receive the PWM output
signal and/or the source signal and perform an operation on
the PWM output signal and/or the source signal. The opera-
tion performed by the filter 212 on the PWM output signal
and/or the source signal may include filtering, amplifying,
modulating, attenuating, or some combination thereof. For
example, the filter 212 may be a low-pass filter configured to
attenuate the amplitude of the PWM output signal above a
cut-oft frequency, which may result in the output signal of the
integrated power supply 202.
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The filter 212 may include IC actives 234. The IC actives
234 may include, but are not limited to, transistors, active
inductors such as gyrators, Schottky diodes, synchronous
rectifiers, spiral inductors, or some combination thereof.

Asdepicted in FIG. 2, the filter 212 is located in the IC 204.
However, as detailed below, this depiction is not intended to
be limiting. The filter 212 may include IC passives 214,
substrate integrated passives 218, PCB passives 232 or some
combination thereof (collectively “filter passives 214/218/
2327). The IC passives 214, the substrate integrated passives
218, and the PCB passives 232 may be located in the IC 204,
in the substrate 206, and on a PCB 228, respectively. Some
example filter passives 214/218/232 might include capaci-
tors, inductors, resistors, and diodes.

The filter passives 214/218/232 are constructed in some
configuration to perform the operation of the filter 212. The
type, that is, capacitor, inductor, etc., and configuration of the
filter passives 214/218/232 may be determined by the opera-
tion performed by the filter 212. Additionally, the filter pas-
sives 214/218/232 may have specific capacities. For example,
in some embodiments, the filter passives 214/218/232 may
include an inductor with a capacity of 10 nanohenry (“nH”)
inductance or a capacitor with the capacity of 10 nanofarad
(“nF”) capacitance. Generally, the capacity of the filter pas-
sives 214/218/232 may be related to the physical size of the
filter passives 214/218/232.

A capacity ofthe filter passives 214/218/232 to perform the
operation of the filter 212 may be configured based on the
frequency of the PWM output signal. For example, if the
PWM output signal has a frequency of about 0.5 megahertz
(“MHz”), the filter passives 214/218/232 of the filter 212 may
include an inductor with about 10 microhenry (“uH”) of
inductance to supply a specific output signal. In contrast, if
the PWM output signal has a frequency of about 500 MHz,
the filter passives 214/218/232 of the filter 212 may include
an inductor with about 2 nH of inductance to supply the
specific output signal. Thus, as the frequency of the PWM
output signal increases, the capacity and/or the physical size
of the filter passives 214/218/232 may decrease.

The capacity of the filter passives 214/218/232 to perform
the operation of the filter 212 may also be configured based on
the current of the PWM output signal and/or the source signal.
For example, if the current of the source signal is about 1500
milliampere (“mA”), the filter 212 may include an inductor
with about 10 uH of inductance to supply a specific output
signal. In contrast, if the current of the source signal is about
15 mA, the filter 212 may include an inductor with about 10
nH of inductance to supply the specific output signal. Thus, as
the current of the PWM output signal and/or the source signal
increases, the capacity and/or the physical size of the filter
passives 214/218/232 may increase.

In some embodiments, physical dimensions may limit inte-
gration of the filter passives 214/218/232 into the IC 204
and/or the substrate 206. Thus, the inclusion of the IC pas-
sives 214, the substrate integrated passives 218, the PCB
passives 232, or some combination thereof in the filter 212
may be determined by the frequency the PWM output signal
and/or current of the PWM output signal and/or the source
signal.

For example, the frequency and the current of the PWM
output signal may be about 500 MHz and about 80 mA,
respectively. In this and other embodiments, the filter 212
may include IC passives 214 that may include an IC inte-
grated spiral inductor, for example, formed in the IC 204.

In another example, the frequency and the current of the
PWM output signal may be about 500 MHz and about 150
mA, respectively. In this and other embodiments, the filter
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212 may include substrate integrated passives 218 that may
include an LTCC integrated spiral inductor and/or a chip
capacitor. Some advantages of the substrate integrated pas-
sives 218 may include thermal properties of the substrate
integrated passives 218. That is, the substrate integrated pas-
sives 218 may generate less thermal energy than IC passives
214 and/or PCB passives 232, may more efficiently dissipate
thermal energy than IC passives 214 and/or PCB passives
232, may divert thermal energy from the IC 204, or some
combination thereof. The thermal properties of the substrate
integrated passives 218 may be related to composition of the
substrate 206.

In yet another embodiment, the frequency and the current
of the PWM output signal may be about 1 MHz and about
1500 mA, respectively. In this and other embodiments, the
filter 212 may include PCB passives 232 that may include a
ferrite core inductor, for example.

The frequency and/or the current that determine the size of
the filter passives 214/218/232 may vary based on the type of
the filter passives 214/218/232. For example, to integrate an
inductor into the IC 204, the frequency and the current of the
PWM output signal may be above about 100 MHz and below
about 100 mA, respectively. This, however, is not necessarily
representative of corresponding values for capacitors and/or
resistors, for instance.

The IC 204 may additionally include other integrated com-
ponents 208. In some embodiments, the other integrated com-
ponents 208 may receive the output signal of the integrated
power supply 202 from the filter 212. That is, the other inte-
grated components 208 may operate based on the output
signal of the integrated power supply 202 generated by the
PWM 216, the source signal, and the filter 212, for instance.
Thus, the IC 204 may include both the integrated power
supply 202 and the other integrated components 208. The
other integrated components 208 may include, but is not
limited to: a CDR, a transmitter (“Tx”) driver, a receiver
(“Rx””) CDR, an Rx coupled to a transimpedance amplifier, a
modular bias monitor, a bias tee, a linear operational amplifier
(“opamp”), a modulator driver, a variable optic attenuator
(“VOA”) controller, a microcontroller (also referred to as a
“u-controller”), an electro-absorption (“EA”) bias controller/
monitor/bias tee, a digital-to-analog converter (“DAC”), an
analog-to-digital converter (“A/D”), a semiconductor optical
amplifier (“SOA”) controller, electrically erasable program-
mable read-only memory (“EEPROM”), a thermal electric
cooler (“TEC”) controller, an H-bridge, a temperature sensor
circuit, an inrush control, or some combination thereof. Sev-
eral example embodiments are detailed below.

The substrate 206 may include one or more substrate trans-
mission lines 220. Generally, the substrate transmission lines
220 may provide electrical and/or communicative couplings
between components located in the IC 204 and components
located in the substrate 204, located on the PCB 228, the
appliances 224, or some combination thereof. For example,
the substrate transmission lines 220 may enable communica-
tion between the IC 204 and the substrate 206. In some
embodiments in which the filter 212 includes the IC passives
214 and the substrate integrated passives 218, the substrate
transmission lines 220 may allow the source signal to be
communicated from the IC 204 to the substrate 206 and then
back to the IC 204. More specifically, the source signal may
enter the circuit 200 through the active switch 236 triggered
by the PWM 216. The source signal may pass through the
active switch 236 and may then enter the IC passives 214. A
first intermediate signal, which may be representative of the
source signal, exiting the IC passives 214, may then be com-
municated via the substrate transmission lines 220 to the
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substrate integrated passives 218. A second intermediate sig-
nal, which may be representative of the first intermediate
signal, exiting the substrate integrated passives 218, may then
be communicated via the substrate transmission lines 220 to
the other integrated components 208.

Additionally or alternatively, the substrate transmission
lines 220 may enable the communication of a signal between
the IC 204 and the PCB 228. Specifically, in some embodi-
ments in which the filter 212 includes the PCB passives 232
and the IC passives 214, the source signal may enter the
circuit 200 via an active switch 236 triggered by the PWM
216. The source signal may then enter the IC passives 214. A
first intermediate signal, which may be representative of the
source signal, exiting the IC passives 214, may then be com-
municated across the substrate 206 and to the PCB passives
232 via the substrate transmission lines 220. A second inter-
mediate signal, which may be representative of the first inter-
mediate signal, exiting the PCB passives 232, may then be
communicated via the substrate transmission line 220 to the
other integrated components 208.

The two examples above are not limiting. For example the
substrate transmission lines 220 may communicatively
couple one or more of the integrated power supply 202, the
PWM 216, the filter 212, the IC passives 214, the active
switch 236, the other integrated components 208 with the
substrate integrated passives 218, the substrate 206, the PCB
228, the other PCB components 230, the PCB passives 232,
the appliances 224, or some combination thereof.

In some embodiments, the IC 204 may include one or more
other integrated power supplies 210. The other integrated
power supplies 210 may include a PWM similar to PWM 216
and a filter similar to filter 212. The other integrated power
supplies 210 may supply a second output signal that may be
used to operate one or more of the other integrated compo-
nents 208. Additionally or alternatively, the integrated power
supply 202 and the other integrated power supplies 210 may
combine to supply one output signal to one or more other
integrated components 208. Additionally or alternatively, the
other integrated power supplies 210 may supply the second
output signal for one or more of the other PCB components
230 and/or the appliances 224.

The circuit 200 is depicted mounted to the PCB 228. Gen-
erally, the PCB 228 may include any structure, rigid or flex-
ible, including non-conductive substrates with conductive
layers therebetween and conductive pathways etched in and/
or printed on the non-conductive substrates. Additionally, the
other PCB components 230 may be mounted to the PCB 228.
The other PCB components 230 may include any optical
and/or electrical component.

For example, the other PCB components 230 may be PCB
passives 232, drivers, electrical circuits, microprocessors,
power supplies, amplifiers, etc. The circuit 200 and/or the
other PCB components 230 may independently and/or coop-
eratively communicate with the appliances 224 via a trans-
mission line 222.

The circuit 200 and the other PCB components 230 occupy
surface area on the PCB 228. Accordingly, the PCB 228 may
be constructed to provide an adequate surface area to accom-
modate the circuit 200 and the other PCB components 230.
Because the circuit 200 may include the substrate 206, the IC
204, and the components included therein, the circuit 200
may occupy relatively less surface area on the PCB 228 than
a comparable configuration in which each of the components
in the IC 204 are separately mounted directly to the PCB 228.
Thus, the IC 204 including the integrated power supply 202,
the other integrated power supplies 210, and the other inte-
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grated components 208 may enable a reduction in size of the
PCB 228 and/or the inclusion of more other PCB components
230.

Alternatively, in some embodiments, the circuit 200 may
not be mounted to the PCB 228. Instead, the substrate 206 of
the circuit 200 may be mounted or connected adjacent to the
appliance 224. In these and other embodiments, the substrate
transmission line 220 and/or the transmission line 222 may
allow communicative coupling between the circuit 200 and
the appliance 224.

The PCB 228 and/or the circuit 200 may be incorporated in
an optoelectronic device such as a transceiver module. For
example, with combined reference to FIGS. 1A-2, the PCB
228 and/or the circuit 200 may be included in one or more
components of the transceiver 100 depicted in FIGS. 1A and
1B. For example, the PCB 228 and/or the circuit 200 may be
included in the ROSA 122 and/or the TOSA 120. Addition-
ally or alternatively, the PCB 228 with the circuit 200
mounted thereon correspond to the PCB 124.

As discussed above, generally, the higher the frequency of
the PWM output signal; the lower the capacity and/or the
physical size of the filter passives 214/218/232. The relation-
ship between the frequency of the PWM output signal and the
filter passives 214/218/232 may also apply to IC actives 234
and/or the active switch 236. For example, the higher the
PWM signal frequency, the lower a capacitance and an RDS-
On of a MOSFET switch used as the IC active 234 or the
active switch 236. Thus, an integrated power supply such as
integrated power supply 202, may include “super-high” fre-
quency PWM. As used herein, the term super-high frequency
may include frequencies generally above about 500 MHz.

FIGS. 3 and 4 illustrate, an example super-high frequency
PWM 300 and an example signal set 400 corresponding to the
PWM 300, respectively. The PWM 300 may be included in
the integrated power supply 202 of FIG. 2, and may corre-
spond to the PWM 216, for example.

The PWM 300 includes multiple transistors 304 arranged
between a voltage source 308 and a ground 310. The PWM
300 also includes an “XOR” gate 306 configured to receive
one or more signals generated by cycling one or more sets of
the transistors 304. The signal set 400 includes two clock
signals 408 and 410 and a PWM output signal 412. The
transistors 304 are designated as “A,” “/A)” “B,” and ‘“/B”
which may correspond to a clock signal 408 or 410 of F1G. 4.
For instance cycling the transistors 304 designated “A” and
“/A” generates a first clock signal 408. Likewise, cycling the
transistors 304 designated “B” and /B may generate a sec-
ond clock signal 410. Accordingly, the transistors 304 may be
configured to generate clock signals 408 and 410 having two
phases. Between the frequency of first clock signal 408 and
the frequency of the second clock signal 410 is a delay 414.

The clock signals 408 and 410 may be supplied to the XOR
gate 306. The XOR gate 306 provides a “high” when either
the first clock signal 408 or the second clock signal 410 is
“high” and a “low” when the first clock signal 408 and the
second clock signal are “high” and when the first clock signal
408 and the second clock signal are “low.” The output of the
XOR gate 306 is the PWM output signal 412. The PWM
output signal 412 generated by the PWM 300 includes a
frequency related to the clock signal and a duty cycle of the
transistors 304 and which is greater than either the frequency
of the first clock signal 408 or the frequency of the second
clock signal 410. For example, the PWM signal 412 may
include a frequency which is twice the frequency of the first
clock signal 408 and/or the second clock signal 410. Addi-
tionally, because the relationship between the frequencies of
the first clock signal 408 and the second clock signal 410 and
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the output of the XOR gate 306, a duty cycle of the PWM
signal 412 may be adjusted by varying the delay 414 between
the two clock signals 408 and 410.

To achieve super-high frequency PWM output signals 410,
the PWM 300 may utilize low-parasitic CMOS technology in
the transistors 304 and/or the XOR gate 306. Additionally use
of'the CMOS technology may enable integration of the tran-
sistors 304 and/or the XOR gate 306 into a single monolithic
chip.

FIGS. 5A-5E illustrate electrical diagrams of example inte-
grated power supplies S00A-500E. The integrated power sup-
plies 500A-500E of FIGS. 5A-5E may include specific
embodiments of the integrated power supply 202 of FIG. 2. In
FIGS. 5A-5E, the example integrated power supplies S00A-
500E may include an IC that is depicted as a box with a solid
border. The integrated power supplies S00A-500E may also
include: one or more MOSFETs; one or more source power
supplies that supply a source signal; a power ground; an
external filter; one or more inductors; one or more capacitors;
one or more resistors; one or more diodes; or some combina-
tion thereof. The integrated power supplies include a PWM
controller, which is depicted by a box with a dashed border.
The PWM controller may further include an instrument
amplifier, a proportional-integral (“PI”") control, a tempera-
ture set DAC, a PWM, a compensator, a trans-conductance
amplifier, and a reference voltage. Additionally, the example
integrated power supplies depicted in FIGS. SA-5E include a
representation illustrating an output voltage.

The PWM, the MOSFETs, the diodes, and the integrated
circuits may be constructed using various semiconductor
technologies, such as CMOS, BiCMOS, EDMOS, OG
EDMOS technologies, or some combination thereof. The
diodes may be schottky diodes and/or may be MOSFETs with
synchronous rectification. The PWM may generate a PWM
output signal with a frequency greater than 500 MHz. The
inductors, the capacitors, the resistors, and the diodes may be
included in the IC or in a substrate (not shown).

The example integrated power supplies depicted in FIGS.
5A-5E function by the PWM triggering one or more MOS-
FETs. When the one or more MOSFETs are on, the source
signal may be introduced to the example integrated power
supplies.

FIG. 5A illustrates an example integrated negative output
power supply 500A. The integrated negative output power
supply 500A includes: a MOSFET 504; an external source
power supply 506 that supplies a source signal; an inductor
508; a diode 510; capacitors 512A and 512B; a PWM con-
troller 514 which further includes a PWM 516, a compensator
518, a trans-conductance amplifier 520, and a reference volt-
age Vref 522. The integrated negative output power supply
500A may further include a power ground 524; an external
LC filter 526, and an output voltage 528. As depicted, the
PWM controller 514, the MOSFET 504, the inductor 508, the
diode 510, and the capacitor 512A may be integrated into an
IC that may correspond to the IC 204 of FIG. 2.

FIG. 5B illustrates an example Cuk inverter 500B. The Cuk
inverter 500B includes a MOSFET 530; an external source
power supply 532 that supplies a source signal; inductors 534
and 536; a diode 538; capacitors 540A, 5408, and 540C; and
a PWM controller 542. The PWM controller 542 may further
include a PWM 516, a compensator 518, a trans-conductance
amplifier 520, and a reference voltage 522. The Cuk inverter
500B may also include an external LC filter 526; a power
ground 524; and an output voltage 528. As depicted, the
PWM controller 542, the MOSFET 530, the inductors 532
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and 534, the diode 538, and the capacitor 540B may be
integrated into an IC 546 that may correspond to the IC 204 of
FIG. 2.

FIG. 5C illustrates an example avalanche photo diode
(“APD”) controller 500C. The APD controller 500C may
include a MOSFET 548; source power supplies 550A and
550B that supply a source signal; an inductor 552; diodes
554 A, 554B, and 554C; capacitors 556A, 5568, 556C, and
556D, resistors 558A and 558B, and a PWM controller 560.
The PWM controller 560 may further include a PWM 516, a
compensator 518, a trans-conductance amplifier 520, refer-
ence voltages 522A and 522B, and an instrument amplifier
562. The APD controller 500C may also include a power
ground 524; an LC filter 568; and an output voltage 570. As
depicted, the PWM controller 560, the MOSFET 548, diodes
554A-554C, capacitors 556A-556C, resistors 558A and
558B, and the source power supply 550 A may be integrated
into an IC 566 that may correspond to the IC 204 of FIG. 2.

FIG. 5D illustrates an example step down switcher 500D.
The step down switcher 500D may include a MOSFET 572;
source power supplies 574A and 574B that supply a source
signal; an inductor 576; a diode 578; a capacitor 580; and a
PWM controller 582. The PWM controller 582 may further
includes a PWM 516, a compensator 518, a trans-conduc-
tance amplifier 520, and a reference voltage 522. The step
down switcher 500D may also include a power ground 524,
an LC filter 568, and an output voltage 570. As depicted, the
PWM controller 582, the MOSFET 572, the inductor 576, the
diode 578, and the source power supply 574A may be inte-
grated into an IC 584 that may correspond to the IC 204 of
FIG. 2.

FIG. 5E illustrates an example H-Bridge TEC control
500E. The H-Bridge TEC control 500E may include MOS-
FETs 586A-586D; source power supplies 588A and 588B
that supply a source signal; inductors 590 A and 590B; capaci-
tors 592A-592C; resistors 594A and 594B, which is con-
nected to one of the reference voltages 522A; and a PWM
controller 596. The PWM controller 596 may further include
a PWM 516, PI control 598, a compensator 518, a trans-
conductance amplifier 520, an instrument amplifier 562, a
temperature set DAC 501, another reference voltage 522B, a
power ground 524, and a high resistance type Peltier cell TEC
503. As depicted, the PWM controller 596, the MOSFETs
586 A-586D, the capacitors 592 A and 592B, and the inductors
590A and 590B may be integrated into an IC 505.

FIGS. 6A-6D illustrate block diagrams of example circuits
600A-600D that include some specific embodiments of the
circuit 200 of FIG. 2. As depicted in FIGS. 6A-6D, the
example circuits 600A-600D include an IC 602 and a sub-
strate 604. The IC 602 may include one or more integrated
power supplies such as those discussed in FIGS. 5A-5E as
well as other types of integrated power supplies. The circuits
600A-600D additionally include passives. The passives may
include capacitors 606, which are illustrated as small squares,
substrate integrated spiral inductors 608, which are illustrated
as ovals, and/or IC integrated spiral inductors 610, which are
illustrated as black circles. The substrates 604 may also
include substrate transmission lines 612, which are illustrated
as black rectangles. The circuits 600A-600D may addition-
ally include other integrated technologies. The ICs 602
depicted in FIGS. 6 A-6D, may be constructed using CMOS,
EDMOS, OG EDMOS, SiGe HBT-CMOS technologies, or
some combination thereof.

Although not apparent from the Figures, substrate inte-
grated spiral inductors 608 may be included in the substrates
604. This is not apparent in FIGS. 6A-6D because FIGS.
6A-6D, are two-dimensional which results in a loss of depth.
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The ICs 602 are mounted to the substrates 604 and the sub-
strate integrated spiral inductors 608 are in the substrate 604.

FIG. 6A illustrates an example circuit 600A including an
IC 602 and a substrate 604. The IC 602 includes two inte-
grated power supplies including an inverter 614 and a step
down converter 616. Additionally, integrated into the IC 602
are a driver 618; a Tx, CDR and jitter compensator 620; a Rx
CDR, power amplifier, and equalizer 622; a microcontroller,
DAC, A/D, and EEPROM 624; an EA bias controller/moni-
tor/bias tee 626; and a SOA controller 628. The IC 602 may
include two IC integrated spiral inductors 610 and two inte-
grated capacitors 606. The substrate 604 may include five
substrate integrated spiral inductors 608, ten capacitors 606,
and eight substrate transmission lines 612.

FIG. 6B illustrates another example circuit 600B including
an IC 602 and a substrate 604. The IC 602 includes an inte-
grated power supply including a multi-output DC-DC section
and a step down inverter 630. Additionally, integrated into the
IC 602 are a driver 618; a CDR 632; a microcontroller 634,
and a modulator bias monitor and bias tee 636. The IC 602
may include two IC integrated spiral inductors 610. The sub-
strate 604 may include two substrate integrated spiral induc-
tors 608, seven capacitors 606, and four substrate transmis-
sion lines 612.

FIG. 6C illustrates another example circuit 600C including
an IC 602 and a substrate 604. The IC 602 includes an inte-
grated power supply including a PWM switcher inverter and
step down converter 638. Additionally, integrated into the IC
602 are a modulator driver 640; a linear opamp and bias tee
642; and a microcontroller 634. The IC 602 may include an IC
integrated spiral inductor 610. The substrate 604 may include
five substrate integrated spiral inductors 608, four capacitors
606, and four substrate transmission lines 612. Additionally,
the circuit 600C may include two bias tee integrated inductors
601, which may be ferrite and/or integrated into the substrate
604.

FIG. 6D illustrates another example circuit 600D including
an IC 602 and a substrate 604. The IC 602 includes four
integrated power supplies. The integrated power supplies
include an inverter 644, a step-up converter 648, a step-down
converter 658, and an H-Bridge TEC controller 652. Addi-
tionally, integrated into the IC 602 are a microcontroller,
DAC, A/D, and EEPROM 650; a VOA controller 646; an
inrush controller 654; and temperature sense circuitry 656.
The IC 602 may include three IC integrated spiral inductors
610. The substrate 604 may include six substrate integrated
spiral inductors 608 and thirteen capacitors 606.

FIG. 7 illustrates a circuit diagram of an example circuit
700 that may include a specific embodiment of the circuit 200
of FIG. 2. As depicted in FIG. 7, the example circuit 700 may
include one or more ICs 702 that may correspond to the IC
204 of FIG. 2. The components that may be included in the
one or more ICs 702 are indicated by a box with a solid border.
The example circuit 700 may also include a substrate. The
components that may be included in the substrate 704 are
indicated by a box with a dashed border. The IC 702 may
include the voltage inverter 704 as an integrated power sup-
ply. Additionally, the IC 702 may include the high impedance
broad-band bias tee 706 integrated into the IC 702, which is
labeled “bias tee.” The bias tee 706 may include spiral planar
and/or stacked inductors and poly-silicon resistors. The IC
702 may include opamps 708A and 708B and a differential
driver 710. The substrate 704 includes substrate transmission
lines 712 that run from a first connector 714A to a third
connector 714C and from a second connector 714B to a fourth
connector 714D. The IC 702 depicted in FIG. 7 may be
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constructed using CMOS, EDMOS, OG EDMOS, SiGe
HBT-CMOS technologies, or some combination thereof.

FIG. 8 illustrates a block diagram of an example multi-chip
module (“MCM?”) circuit 800. The example MCM circuit 800
may include one or more specific embodiments of the circuit
200 of FIG. 2. As depicted in FIG. 8, the example MCM
circuit 800 may include two or more ICs 802 and 804 and a
substrate 806. The ICs 802 and 804 may include any of the
circuits 600A-600D depicted in FIGS. 6 A-6D or some varia-
tion thereof.

The present invention may be embodied in other specific
forms. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What is claimed is:

1. An optical assembly configured for use in fiber optic
communication devices, the optical assembly comprising:

an integrated circuit (IC) mounted to a substrate, the IC

being constructed using an orthogonal gate extended

drain complementary metal-oxide-semiconductor (OG

EDCMOS) technology, the IC including:

an inverter that includes an integrated power supply, the
integrated power supply including:

a filter configured to convert a source signal to an
output signal of the integrated power supply, the
filter including an IC passive component located in
the IC and a substrate integrated passive compo-
nent located in the substrate;

an active switch configured to control an entry of the
source signal to the filter; and

a pulse width modulator (“PWM?”) configured to gen-
erate a PWM output signal that triggers the active
switch,

wherein a first capacity of the IC passive component
and a second capacity of the substrate integrated
passive component are configured based on a fre-
quency of the PWM output signal and a current of
the source signal; and

other integrated components configured to receive the
output signal from the filter and operate based on the
output signal, the other integrated components
including an integrated high-voltage driver, a modu-
lator bias source, an active bias tee, a negative power
supply, a clock and data recovery circuit, a postampli-
fier, an analog-to-digital converter, a microcontroller,
and a digital-to-analog converter that are integrated
into the same IC using the OG EDCMOS technology.

2. The optical assembly of claim 1, wherein the source
signal includes a constant voltage source signal received from
a host power supply.

3. The optical assembly of claim 1, wherein the filter
includes a passive electrical component configured to modify
the source signal and to convert the source signal to the output
signal.

4. The optical assembly of claim 1, wherein the other
integrated components further include a transmitter driver, a
receiver CDR, a receiver coupled to a transimpedance ampli-
fier, a linear operational amplifier, a modulator driver, a vari-
able optic attenuator controller, an electro-absorption bias
controller, an electro-absorption bias monitor, an electro-ab-
sorption bias tee, a semiconductor optical amplifier control-
ler, electrically erasable programmable read-only memory, a
thermal electric cooler controller, an H-bridge, a temperature
sensor circuit, or an inrush control.
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5. The optical assembly of claim 1, wherein the PWM
operates at a frequency greater than about 50 megahertz
(“MHz”).

6. The optical assembly of claim 1, wherein the PWM is
constructed using low-parasitic complementary metal-oxide-
semiconductor (CMOS) technology.

7. The optical assembly of claim 1, wherein the PWM
output signal includes a high frequency PWM output signal
configured to reduce physical sizes of components of the filter
and a physical size of the switch, and the high frequency
PWM output signal includes a frequency above about 50
megahertz (“MHz”).

8. The optical assembly of claim 1, wherein the IC includes
a mixed-signal IC that includes the integrated power supply,
one or more analog circuits, and one or more digital circuits
integrated on a chip for fiber optics applications.

9. The optical assembly of claim 1, further comprising the
substrate that includes a substrate transmission line, wherein:

the source signal enters the IC through the active switch
triggered by the PWM, passes through the active switch,
and enters the IC passive component;

a first intermediate signal that is representative of the
source signal exits the IC passive component and is
communicated across the substrate via the substrate
transmission line to the PCB passive component; and

a second intermediate signal that is representative of the
first intermediate signal exits the PCB passive compo-
nent and is communicated via the substrate transmission
line to the other integrated components.

10. An optical assembly comprising:

a substrate; and

an integrated circuit (“IC”) mounted to the substrate, the IC
being constructed using an orthogonal gate extended
drain complementary metal-oxide-semiconductor (OG
EDCMOS) technology, the IC including:
an inverter that includes an integrated power supply, the

integrated power supply including:

a pulse width modulator (PWM) configured to gener-
ate a PWM output signal that triggers an active
switch to control an entry of a source signal through
a filter; and

the filter configured to modify the source signal to
generate an output signal of the integrated power
supply, the filter including an IC passive compo-
nent located in the IC and a substrate integrated
passive component located in the substrate,
wherein a first capacity of the IC passive compo-
nent and a second capacity of the substrate inte-
grated passive component are configured based on
afrequency of the PWM output signal and a current
of the source signal; and

other integrated components configured to receive the
output signal from the filter and operate based on the
output signal, the other integrated components
including an integrated high-voltage driver, a modu-
lator bias source, an active bias tee, a negative power
supply, a clock and data recovery circuit, a post ampli-
fier, an analog-to-digital converter, a microcontroller,
and a digital-to-analog converter that are integrated
into the same IC using the OG EDCMOS technology.

11. The optical assembly of claim 10, wherein the substrate
includes a substrate transmission line configured to commu-
nicate the output signal from the IC to a first component
located in the substrate or to a second component located off
the substrate.

12. The optical assembly of claim 10, wherein the PWM is
constructed using OG EDCMOS technology.
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13. The optical assembly of claim 12, wherein the PWM
output signal includes a frequency of above 50 megahertz.
14. The optical assembly of claim 10, wherein the substrate
comprises one of a low temperature co-fired ceramic
(“LTCC”) substrate and a high temperature co-fired ceramic
(“HTCC”) substrate.
15. The optical assembly of claim 10, wherein the source
signal is received from a host power supply and has a voltage
of about 3.3 volts.
16. The optical assembly of claim 10, wherein:
the substrate includes a substrate transmission line;
the source signal enters the IC through the active switch
triggered by the PWM, passes through the active switch,
and enters the IC passive component;
a first intermediate signal that is representative of the
source signal exits the IC passive component and is
communicated via the substrate transmission line to the
substrate integrated passive component; and
a second intermediate signal that is representative of the
first intermediate signal exits the substrate integrated
passive component and is communicated via the sub-
strate transmission line to the other integrated compo-
nents.
17. An optical subassembly comprising:
a printed circuit board (“PCB”);
a substrate mounted to the PCB; and
an integrated circuit (“IC”") mounted to the substrate, the IC
being constructed using an orthogonal gate extended
drain complementary metal-oxide-semiconductor (OG
EDCMOS) technology, the IC including:
an inverter that includes an integrated power supply
configured to receive a source signal at an active
switch from a host power supply and to output an
output signal of the integrated power supply, the
active switch being controlled by a pulse width modu-
lator (PWM) output signal generated by a PWM
which is integrated into the IC, the PWM output sig-
nal having a frequency above 50 megahertz, the inte-
grated power supply including a filter configured to
convert the source signal to the output signal, the filter
including an IC passive component located in the IC
and a substrate integrated passive component located
in the substrate, wherein a first capacity of the IC
passive component and a second capacity of the sub-
strate integrated passive component are configured
based on a frequency of the PWM output signal and a
current of the source signal; and

other integrated components configured to receive the
output signal from the filter and operate based on the
output signal, the other integrated components
including an integrated high-voltage driver, a modu-
lator bias source, an active bias tee, a negative power
supply, a clock and data recovery circuit, a postampli-
fier, an analog-to-digital converter, a microcontroller,
and a digital-to-analog converter that are integrated
into the same IC using the OG EDCMOS technology.

18. The optical subassembly of claim 17, wherein the filter
is configured to receive the source signal from the active
switch, and the filter further includes a PCB passive located
on the PCB.

19. The optical subassembly of claim 17, wherein the other
integrated components are constructed using complementary
metal-oxide-semiconductor (“CMOS”), Bipolar CMOS
(“BiCMOS”), extended drain CMOS (“EDMOS”), OG
EDMOS, or Silicon-Germanium (“SiGe”) heterojunction
bipolar transistor (“HBT”), and wherein the other integrated
components further include one or more of a transmitter
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driver, a receiver CDR, a receiver coupled to a transimped-
ance amplifier, a linear operational amplifier, a modulator
driver, a variable optic attenuator controller, an electro-ab-
sorption bias controller, an electro-absorption bias monitor,
an electro-absorption bias tee, a semiconductor optical ampli-
fier controller, electrically erasable programmable read-only
memory, a thermal electric cooler controller, an H-bridge, a
temperature sensor circuit, or an inrush control.

20. The optical assembly of claim 18, wherein:

the substrate includes a substrate transmission line;

the source signal enters the IC through the active switch
triggered by the PWM, passes through the active switch,
and enters the IC passive component;

a first intermediate signal that is representative of the
source signal exits the IC passive component and is
communicated across the substrate via the substrate
transmission line to the PCB passive component; and

a second intermediate signal that is representative of the
first intermediate signal exits the PCB passive compo-
nent and is communicated via the substrate transmission
line to the other integrated components.
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